Outage probability analysis of a secondary user in an underlay dual hop cognitive amplify and forward relay network  by Chandra, Kiran et al.
Perspectives in Science (2016) 8, 117—120
Available  online  at  www.sciencedirect.com
ScienceDirect
jo ur nal homepage: www.elsev ier .com/pisc
Outage  probability  analysis  of  a secondary
user  in  an  underlay  dual  hop  cognitive
amplify  and  forward  relay  network
Kiran  Chandra ∗,  Soumen  Mondal,  Sanjay  Dhar  Roy,  Sumit  Kundu
National  Institute  of  Technology,  Durgapur,  West  Bengal  713209,  India
Received  7  February  2016;  accepted  12  April  2016
Available  online  20  April  2016
KEYWORDS
Underlay  cognitive
dual-hop  relaying
system;
Selection  combining;
Maximum  ratio
combining;
Rayleigh  and
Nakagami  fading
channel
Summary  This  paper  presents  the  performance  evaluation  of  a  secondary  user  (SU)  in  an
underlay cognitive  dual-hop  relaying  system  considering  instantaneous  as  well  as  average  chan-
nel information  of  the  interfering  links  (from  the  secondary  source  and  relay  to  the  primary
receiver) and  the  data  link  from  the  secondary  source  to  relay,  to  calculate  transmit  power
and amplifying  gain  of  secondary  system.  Comparison  of  above  mentioned  cases  is  done  for
two different  scenarios  —  with  direct  path  and  without  direct  path.  We  evaluate  the  perfor-
mance considering  two  different  diversity  techniques  namely  as  selection  combining  (SC)  and
maximum  ratio  combining  (MRC).  The  effect  of  different  fading  channels  (Rayleigh  and  Nak-
agami) on  the  outage  performance  of  the  SU  for  the  two  diversity  techniques  is  also  shown.
The outage  probability  of  the  SU  is  reduced  when  the  diversity  techniques  are  used  (with  direct
path) as  compared  to  the  outage  probability  of  SU  without  direct  path.  We  ﬁnd  that  the  outage
performance  is  better  for  instantaneous  channel  information  as  compared  to  average  channel
information  for  the  links.  We  observe  that  MRC  provides  better  performance  than  SC.  Further-
more, this  work  shows  that  the  outage  performance  of  the  SU  has  been  improved  when  the
Nakagami fading  channel  (m  =  2)  is  considered  instead  of  Rayleigh  fading  channel.
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ognitive  radio  is  a  novel  approach  for  the  efﬁcient
tilisation  of  the  precious  natural  resource:  the  radio  elec-
romagnetic  spectrum.  Cognitive  radio  allows  spectrum
haring  by  allowing  a  cognitive  user  to  access  the  licensed
pectrum  as  long  as  its  transmission  does  not  interfere  with
he  primary  user’s  communication  hence  improving  spectral
icle under the CC BY-NC-ND license (http://creativecommons.org/
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fﬁciency  (Duong  et  al.,  2013;  Ghasemi  and  Sousa,  2007;
iorgetti  et  al.,  2009;  Maham  et  al.,  2011;  Ding  et  al.,  2011;
e  and  Hossain,  2008).  In  underlay  spectrum  sharing,  the
Us  and  PUs  are  allowed  to  realise  their  transmission  simul-
aneously.  So,  in  a  cognitive  network,  SUs  must  limit  their
ransmit  power,  hence  reducing  their  transmission  range.
ual-hop  relaying  system  has  been  considered  as  an  efﬁcient
echnique  to  enhance  throughput  and  extend  coverage.  It
an  be  used  in  the  case  of  a  deep  fade  occurrence  on  the
irect  link  from  source  to  destination.  Relaying  protocols
re  grouped  into  amplify  and  forward  (AF),  decode  and  for-
ard  (DF)  and  compress  and  forward  (CF).  Among  these,  AF
s  the  simplest  protocol,  in  which  received  signals  at  relay
re  ampliﬁed  and  retransmitted  towards  the  destination.  We
valuate  the  system  performance  considering  instantaneous
s  well  as  average  channel  information  of  the  interfering
inks  (from  the  secondary  source  and  relay  to  the  primary
eceiver)  and  the  data  link  from  the  secondary  source  to
elay,  to  calculate  transmit  power  and  amplifying  gain  of
he  secondary  system.  We  see  that  performance  considering
verage  channel  information  of  the  links  is  slightly  degraded
s  compared  to  instantaneous  case.  If  we  combine  multiple
ndependent  fading  path  at  the  destination  node,  the  over-
ll  signal  to  noise  ratio  at  the  destination  increases  hence
utage  probability  reduces.  We  evaluate  the  system  per-
ormance  using  both  diversity  techniques,  i.e.,  selection
ombining  and  maximum  ratio  combining.  In  SC,  link  with
he  highest  SNR  is  the  output  and  in  MRC,  output  is  the
eighted  sum  of  all  the  branches.  We  examine  that  MRC
ives  better  performance  as  compared  to  SC.  In  Lee  et  al.
2011),  the  closed  form  expression  for  the  outage  probability
s  derived  in  cognitive  AF  relay  network  under  interference
onstraints.  In  Tuyen  and  Bao  (2012),  outage  performance  is
valuated  considering  different  conditions  to  determine  the
mplifying  gain  and  source  power.  We  consider  SC  and  MRC
n  the  same  system  model  and  we  examine  the  comparison
etween  them.  Further,  we  use  Nakagami  fading  channel  for
he  same  system  model  and  we  also  examine  the  compari-
on  between  outage  performance  behaviour  of  both  Rayleigh
nd  Nakagami  fading  channel.
The  rest  of  the  paper  is  organised  as  follows:  in  sec-
nd  section,  we  introduce  the  underlay  cognitive  dual  hop
F  relaying  system  under  consideration.  The  third  section
etails  the  outage  probability.  The  fourth  section  presents
he  result  of  the  paper.  The  last  section  concludes  the  paper.
ystem model
e  consider  an  AF  relaying  network  where  the  received  sig-
als  at  relay  (R)  are  ampliﬁed  with  gain  G  and  retransmitted
owards  the  destination  node,  D.  The  information  is  trans-
erred  from  source  to  destination  node  either  via  direct
ink  or  with  the  help  of  relay  node.  This  network  consists
f  a  secondary  source  (S),  a  secondary  destination  (D),  a
econdary  relay  (R)  and  a  primary  receiver  (PU).  We  also
enote  hsr,  hrd,  hsd,  hsp and  hrp as  the  corresponding  channel
oefﬁcients  for  the  links  S—R,  R—D,  S—D,  S—PU  and  R—PU,
espectively.  Here,  if  it  is  assumed  that  all  the  channels
ollow  the  Rayleigh  fading.  Hence   j =  |hj|2 is  an  exponential
andom  variable  with  parameter  j and  represents  channel
(Figure  1  System  model.
ain  of  the  corresponding  link  where  j =  1/E  {|hj|2}  =1/˝j
Fig.  1).
In  a  cognitive  network,  S  and  R  must  adapt  their  trans-
it  power,  Ps and  Pr,  respectively,  so  that  the  interference
aused  at  PU  is  lower  than  a  predeﬁned  interference  level
th.
s = Ith|hsp|2 and  Pr =
Ith
|hrp|2 (1)
Assuming  that  S  transmits  signal  x  to  R  with  power  of
s,  the  received  signal  at  R  is  yr =  hsrx  +  nr where  nr is  addi-
ive  white  Gaussian  noise  (AWGN)  at  R.  R  will  amplify  the
eceived  signals  with  gain  G  and  retransmits  the  ampliﬁed
ignal  to  D  with  power  of  Pr,  the  signal  received  at  D  is
d =  hrdGhsrx  +  hrdGnr +  nd where  nd is  AWGN  at  D.
The  end  to  end  SNR  at  the  secondary  destination  (indirect
ink)  is
1 = G
2|hrd |2|hsr |2Ps
G2|hrd |2N0 +  N0 (2)
here  N0 is  the  variance  of  the  Gaussian  noise.
The  SNR  of  source  to  destination  link  (direct  link)  is
2 = Ps|hsd |
2
N0
(3)
utage performance analysis
he  outage  probability  is  the  probability  that  the  end  to  end
NR  is  below  some  threshold  value   th.
We  investigate  the  following  cases  for  determining  the
mplifying  gain  at  relay:
1)  Instantaneous  case: Instantaneous  CSI  of  S—P,  S—R  and
R—P  links,  i.e.,  hsp, hsr and  hrp are  needed  to  calculate
the  amplifying  gain  and  it  can  be  written  as  (Tuyen  and
Bao,  2012):
G2 = Ith
N0
1
|hrp|2
1(
Ith
N0
|hsr |2
|hsp |2 +  1
) (4)
In  practice,  it  is  not  easy  to  obtain  the  instantaneous
CSI  of  such  links  so  we  can  use  average  CSI  of  the  links.
The  following  two  cases  are  considered  depending  on
how  much  CSI  we  have  at  the  source  and  the  relay.
2)  Average  case  1:  The  relay  uses  average  channel  power  of
all  its  related  links,  i.e.,  S—R,  R—P  and  the  link  between
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S  to  P  also  uses  average  channel  power  to  determine
the  amplifying  gain.  In  this  case  G  can  be  expressed  as
(Tuyen  and  Bao,  2012):
G1
2 = Ith
N0
1
˝rp
(
1
Ith
N0
˝sr
˝sp
+  1
)
(5)
(3)  Average  case  2:  In  this  case  all  the  conditions  of  case  2
are  taken  as  well  as  the  source  uses  the  average  chan-
nel  power  of  the  link  S—P  for  determining  the  transmit
power,  i.e.  Ps = IthE{|hsp |2} =
Ith
˝sp
In  this  case  complexity  of  the  source  and  relay  is  sig-
niﬁcantly  reduced  as  instantaneous  SNRs  are  not  used.
The  end  to  end  SNR  in  case  of  selection  combining   =  max
(SNR  of  indirect  link  ( 1),  SNR  of  direct  link  ( 2)).  The  end
to  end  SNR  in  maximum  ratio  combining  is  =  sum  (SNR  of
indirect  link  ( 1),  SNR  of  direct  link  ( 2)).  We  compare  the
outage  performance  of  the  system  for  the  above  three  cases
with  two  scenarios,  viz.,  (1)  without  direct  path,  and  (2)
with  direct  path  (SC  and  MRC)  assuming  all  the  channels
are  Rayleigh  faded.  We  compare  the  outage  performance  of
the  system  for  the  two  diversity  techniques  (SC  and  MRC)
in  Rayleigh  and  Nakagami  fading  channels  for  case  1.  We
assume  Nakagami  fading  channels  for  the  secondary  system
(S—R,  S—D  and  R—D).
Now  we  may  express  the  outage  probability  of  the  SU:
Pout =  Prob(  ≤   th) (6)
where   th is  the  SNR  threshold.  The  SNR  ( )  considered  in
the  outage  probability  expression  (6)  is  equal  to   1 (with
different  G  value)  when  direct  link  is  not  considered.
Results and discussion
In  Figs.  2  and  3,  the  outage  probability  of  a  SU  is  shown  as
a  function  of  Ith for  the  above  3  cases  without  direct  path
and  with  direct  path.  We  observe  that  by  using  diversity
technique  i.e.  SC  and  MRC  in  the  case  of  direct  path  the
outage  probability  is  reduced  as  compared  to  without  using
Figure  2  Outage  probability  vs.  Ith in  AF  relay  network  under
different  amplifying  gain  at  relay  (without  direct  path  and  with
direct path  (selection  combining)).
Figure  3  Outage  probability  vs.  Ith in  AF  relay  network  under
different  amplifying  gain  at  relay  (without  direct  path  and  with
direct path  (maximum  ratio  combining)).
Figure  4  Comparison  of  outage  probability  of  AF  relay  net-
work in  selection  combining  and  maximum  ratio  combining
under different  amplifying  gain  at  relay.
Figure  5  Comparison  of  outage  probability  of  AF  relay  net-
work in  selection  combining  and  maximum  ratio  combining
under Rayleigh  and  Nakagami  fading  channel.
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irect  path.  Using  diversity  technique  overall  end  to  end  SNR
ncreases  and  hence  the  probability  that  it  is  below  some
hreshold  value  is  reduced.
It  is  also  observed  that  using  instantaneous  channel  infor-
ation  outage  performance  is  better  as  compared  to  using
verage  channel  information.  In  Fig.  4,  comparison  of  SC
nd  MRC  is  carried  out.  We  see  that  MRC  gives  better  per-
ormance  than  SC  and  in  both  cases  instantaneous  channel
s  giving  best  performance.  In  Fig.  5,  we  see  that  Nakagami
ading  channel  (m  =  2)  gives  better  outage  performance
han  Rayleigh  fading  channel.  We  have  also  noted  that  the
mount  of  fading  is  inversely  proportional  to  the  fading
arameter  m  and  in  Rayleigh  fading  channel  the  value  of
 = 1.
onclusion
n  this  paper,  an  AF  relaying  network  in  an  underlay  dual
op  cognitive  network  has  been  considered  in  which  signals
eceived  at  relay  are  ampliﬁed  and  retransmitted  towards
he  destination.  We  investigate  the  outage  performance  of
he  secondary  system  taking  instantaneous  as  well  as  aver-
ge  channel  information  of  the  interference  links  (from  the
econdary  source  and  relay  to  the  primary  receiver)  and
he  data  link  from  secondary  source  to  relay,  to  calculate
ransmit  power  and  amplifying  gain  of  secondary  system.
e  compare  the  outage  performance  of  the  system  consid-
ring  without  direct  path  and  with  direct  path  (selection
ombining  and  maximum  ratio  combining)  in  the  presence
f  Rayleigh  and  Nakagami  fading  channels.K.  Chandra  et  al.
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